Introduction
Children with autism spectrum disorder (ASD) are strongly influenced by sensory information from the environment, including auditory stimuli (Schafer et al. 2013) . Processing of auditory information is essential to functioning and learning in the classroom. Children with ASD exhibit abnormal behavioural performance on auditory-based tasks, especially in the presence of background noise (Corbett & Constantine 2006; Tomchek & Dunn 2007 ). An analysis of profiles completed by 400 parents of children with ASD revealed that 58% -79% of the respondents indicated distractibility or inability to function in noisy environments, unresponsiveness to discriminative auditory stimuli and difficulty in attending auditory information (Tomchek & Dunn 2007) . One of the most significant predictors of educational performance in children with ASD is the challenge of auditory filtering, which is the ability to hear speech stimuli, complete tasks and function in the presence of background noise (Ashburner, Rodger & Ziviani 2008) .
The need for special education of children with autism spectrum disorder
Children with disabilities form a significant population within public education schools. In the United States, there are reportedly 5.8 million children with disabilities receiving services under the American Individuals with Disabilities Education Improvement Act (IDEIA) in public schools, with over 3.4 million of these students spending 80% or more of the school day in general education classrooms (Data Accountability Centre 2007) . In South Africa, statistics indicate that there are approximately 467 000 children with disabilities, of which only 4.3% are accessing early learning facilities (Household Survey 2010) . Inclusive Education Law in South Africa stipulates that all students have the right to receive an appropriate education in the least restrictive environment. Students may not be excluded from educational services due to a disability, no matter how severe the disability may be (Education White Paper 6 2001) . Special education theory is located within a predominantly functionalist paradigm and is concerned with both learners who experience learning breakdown and those who are regarded as disabled (Education White Paper 6 2001) . Children with ASD often experience difficulty adapting to a mainstream school environment, because their behaviour is so obviously different from that of typically developing children (Whitman 2004) .
Individuals with ASD display many challenging behaviours, which decreases their ability to learn via conventional teaching methods. These challenges include visual thinking, more time This study aimed to determine whether the use of prosodically varied speech within a traditional language therapy framework had any effect on the listening skills, pragmatic skills and social interaction behaviour of three children with autism spectrum disorder (ASD). A single participant multiple baseline design across behaviours was implemented. Three participants with ASD were selected for this research. The listening skills, pragmatic skills and social interaction behaviour of the participants were compared before treatment, after a 3-week period of treatment and after a 2-week withdrawal period from treatment, utilising prosodically varied speech within a traditional language therapy approach. Statistical significance was not calculated for each individual due to the limited data, but visual inspection indicated that all the participants showed positive behavioural changes in performance across all areas after 3 weeks of treatment, independent of their pre-treatment performance level. The use of prosodically varied speech within a traditional language therapy framework appears to be a viable form of treatment for children with ASD.
to process information, decreased ability to generalise learning, decreased attention to tasks, sensory problems, a lack of flexibility and extreme literality (Williams, Tutty & Grinnel 1995) . The educational implications of ASD within the Triad of Impairments (Wing 1988 ) are far-reaching and encompass many challenges for mainstream school teachers. Challenges in social interaction within the classroom environment include a low tolerance of peer group, dislike of sharing and taking turns, little or no empathy for others and social aloofness (Lamers & Hall 2003) . Simple social actions such as lining up are often a complicated process (Lord 2000) . Communication challenges in the classroom include a lack of motivation to communicate, limited understanding of the attempts of others, minimal enjoyment of shared social situations and limited conversational skills (Lord & Corsello 2005) . Challenges regarding rigidity of thought and behaviour include difficulty with pretend play or dramas, repetitive play patterns and difficulties with judging the cause and effect of their own behaviour (Schafer et al. 2013) . Specific clinical characteristics that may influence performance in a classroom setting include distractibility, disorganisation, listening difficulties, inattention to tasks and limited or heightened alertness (Schafer et al. 2013) . When children exhibit several of these clinical characteristics, which directly impact their educational performance, they may qualify for special education services for ADHD under the eligibility category of 'other health impairment' (Individuals with Disabilities Education Act 2004).
Given the increased recognition of ASD in children with average cognitive ability and the emphasis on the inclusion of students with special needs in regular education classrooms (Williams, Johnson & Sukhodolsky 2005) , schools and clinicians are increasingly called upon to enhance the social skills of school-age children with ASD (White, Keonig & Seahill 2006) . These children need to be taught appropriate skills for interacting and communicating with others, as well as modifying their behaviour to comply with acceptable social norms (Zager 2005) .
Prosodic aspects of speech
Prosody is an element of language and communication that utilises variations of duration, intensity and pitch, to change emphasis, stress, rhythm and intonation (Wagner & Watson 2010) . Prosody in speech is a by-product of language, not a construct upon which it is built (Patel 2007) . Prosody is a complex temporal organisation of acoustic events, perceived mainly through the auditory modality, and possesses inherent qualities that may be used to aid in very specific aspects of language development (Thaut 2003) .
Research suggests that rhythm, tempo, melody and intonation may provide a sense of structure to facilitate perception and production of expressive language in children with ASD (Patel 2007) . Boucher, Collis and Lewis (2000) found that children with ASD were equal to their typically developing peers in the ability to label six basic emotions based on the affective prosody of single-word utterances (e.g. days of the week). Affective prosody refers to a speaker varying the pitch and duration of an utterance to indicate his or her emotional state (Grossman et al. 2010) . Communicative functions in which prosodic elements play an important part include pragmatic functions such as the use of stress to signal an important or contrastive word, usually indicating a specific emotive response, as in the utterance: 'I wanted BLUE socks' where 'blue' is stressed to suggest that this is an important word, probably contrasting with a previously mentioned colour (McCann & Peppe 2003) . This use is manifested as differentiation between stressed and unstressed words or syllables by variation in speech intensity and duration (McCann & Peppe 2003) .
Perception of prosodic elements of speech
To date, the majority of investigations into prosody in ASD have focused upon expressive abilities, and surprisingly little is known about the ability of individuals with ASD to interpret prosodic cues in the speech of others (Paul et al. 2005) . In a review article, McCann and Peppe (2003) concluded that the existing research literature showed inconsistent evidence of the processing of spoken prosody in children with ASD.
Aside from the auditory processing challenges facing the child with ASD, they also display certain skills in this regard. One finding that stands out in auditory research in ASD is that many individuals have enhanced pitchdiscrimination and pitch-memory abilities (Ouimet et al. 2012) . The use of stress variation and intonation in a spoken utterance may help to stimulate a form of auditory processing in children with ASD which, though not typical, could aid in extracting meaning from auditory stimuli (Caria, Venuti & de Falco 2011) . Auditory-based training paradigms appear to have a positive effect on speech processing and on speech production in non-verbal children with ASD (Ouimet et al. 2012) .
However, despite the existence of strengths regarding auditory processing in individuals with ASD, they generally show diminished processing of social and complex sounds such as speech (Ouimet et al. 2012) . Possible reasons for this may be the limited use of these superior processing skills, because there is minimal variation of prosodic elements in conversational discourse and traditional therapy approaches, and thus these strengths are not applied to aid the child in a social communication situation (Heaton 2005; Ingersoll & Shreibman 2006 ). An integrated approach in which language therapy is combined with prosodically varied speech may enhance the effect of language treatment.
Results from research regarding the neurological foundations of processing melodic and rhythmic stimuli suggest that specific elements of prosody, such as variations in intonation and stress, may stimulate areas of the brain often found to be atypical in individuals with ASD (Boddaert 2004) . Elements of prosody such as intonation and stress variation therefore warrant research into a different treatment approach to stimulate atypical but more effective processing (Gervais 2004) .
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This study aimed to determine whether the use of prosodically varied speech within a traditional language therapy framework had any effect on the listening skills, pragmatic skills and social interaction behaviour of three children with ASD.
Method Research design
A single-participant multiple baseline design across behaviours was used to provide 'proof of concept' (Smith et al. 2007) . Figure 1 depicts the phases of the research.
Participants
Three participants were recruited from a school which accommodates children with ASD by means of purposive sampling. Participants had to speak either English or Afrikaans as first language. All participants included in this study had to display deficits in listening skills, pragmatic skills (discourse) and social interaction. All the participants had to be diagnosed with ASD. Diagnosis in all cases was according to the APA (1994), as the APA (2013) had not been published when this study commenced. In addition, participants needed to have some degree of functional speech and minimal 'hyperhearing'. The chronological age of the participants had to be between 6:0 and 8:11 years (school-going age). See Table 1 for a description of the profiles of the participants. Participants were not to receive additional speech therapy during the research period.
Material
The material and activities that were used during the interaction sessions as well as the aim(s) of each activity are described in Table 2a and Table 2b . The prosodically varied speech procedures are described in Appendix 1. Phrases were intoned on just two pitches; melodic contour was determined by the natural prosody of speech. 
Treatment aims Justification Procedures Material
To facilitate whole-body listening skills throughout the treatment sessions.
Listening is the ability to attune to important auditory information and to ignore unnecessary information. The attuning function of listening plays a fundamental role in auditory processing and attention span, both essential to the acquisition of receptive language which is deficient in children with ASD (Nwora & Gee 2009 ).
(Name of child), this is Nando the dog. He will help us to listen well today. Nando has big ears to listen (show ears) and big eyes to look at me when I'm speaking (show eyes).
Soft-toy dog.
To establish routine, to elicit a response to greeting, to facilitate joint attention and to establish eye-contact.
Young children with ASD typically exhibit core deficits in social communication skills, particularly in the areas of joint attention, reciprocity, eye-contact and skills in functional and symbolic play (Veness et al. 2012) .
A song based on a familiar tune was sung at the beginning and a similar song at the end of each session. Singing was used, rather than simple chanting in order to utilise the variations in pitch provided by the melody. The therapist began the song, after which the child imitated each phrase. To elicit object naming. The therapist modelled the desired response, after which the child had to imitate the therapist.
Among the earliest concerns of parents with children with ASD are delays in speech and language development, specifically the acquisition and development of receptive and expressive language (Guinchat et al. 2012 ). Object naming is also an important aspect of pragmatic skills (Shipley & McAfee 2009 ), which are known to be impaired in children with ASD (Grossman et al. 2010 ). Picture cards.
To facilitate non-verbal imitation behaviour, as well as taking turns.
Atypical social interaction, which includes atypical eye-gaze, imitation and social reciprocity, is a hallmark of children with ASD (Guinchat et al. 2012) .
Two empty coffee tins were used by the therapist to create simple, rhythmic patterns, which the child had to imitate after listening to each rhythmic pattern carefully.
Two empty coffee tins. 
Measures
The following behavioural observation checklists were used to assess each participant during the three baseline probes, the two post-treatment probes and the maintenance probe:
• The data collection was done during Week 1 (three pretreatment baseline probes), Week 5 (two post-treatment probes) and Week 8 (one maintenance probe) by means of videotaping behaviour and reactions during interaction sessions. All the assessment probes were watched, analysed and scored directly after each session by the researcher and an external rater. The external rater was a professionally trained speech-language pathologist with a specific interest in children with ASD. The three behavioural observation checklists were used to score behaviours and reactions relating to listening skills, pragmatic skills and social interaction behaviour.
The external rater was included for the specific purpose of recording data with the researcher. It is challenging to observe, participate and record data simultaneously; therefore, every interaction session with each participant was video-recorded (Uys 2002) . All scores were assigned directly after watching the recordings of each session. The researcher and the external rater watched all the recorded sessions individually and scored behaviours according to the three behaviour checklists. The external rater scored the participants on a separate sheet, using a different room to watch the video recordings. For the listening skills and pragmatic skills checklists, a score of 1 was given if the behaviour was observed during the session, while a score of 0 was given if the behaviour was not observed during the session. For the GARS-2, a score of 1 was given if the behaviour was observed 0-2 times during the session; a score of 2 was given if the behaviour was observed 3-5 times during the session; a score of 3 was given if the behaviour was observed more than 5 times during the session, while a score of 0 was given if the behaviour was not observed during a session. The raw scores were converted to standard scores, and subsequently converted to a percentile for each participant. 
Treatment aims Justification Procedures Material
To facilitate following one-step instructions.
Receptive language, which includes following instructions, is an important pre-cursor to later academic success (Prelock & Nelson 2012) .
The therapist named the colour of each block, using PVS (see Appendix 1). The child was then instructed to name the colours of the blocks, as well as to follow commands ('give me the blue block'). The command was intoned (said using two different pitches; one low and one high). Example: 'This is the yellow/blue/red/green block' (while showing the appropriate block). Commands: 'Give me the yellow/blue/red/green block'.
Brightly coloured building blocks.
To elicit picture description and expansion on a topic.
Deficits in expressive language lead to reduced social interaction with peers, as well as poor pragmatic skills (Volkmar, Chawarska & Klin 2005) .
Drawing different shapes with crayons and stencils provided the therapist with an opportunity to model a sentence or a question using PVS, giving the child a chance to describe a picture and expand on a topic. Example: (Name of child), let us draw some pictures with these stencils. Sentences were modelled, e.g. 'This is a fishing boat', and then questions were intoned about the picture, e.g. 'What kind of boat is this? 'What is it floating on?' Stencils, paper and crayons.
To teach grouping and categorisation skills.
As children with ASD reach school-going age, delays in language-based tasks, such as problem-solving and symbolic thinking, become more apparent .
'This is an/a (apple/banana/grape/peach)'. 'Give me the red/yellow/purple fruit'. 'Where are all the apples/grapes/bananas?' (See Appendix 1 for a description of the of the PVS procedures used by the researcher).
Plastic fruit.
To teach requesting behaviour.
Verbal, as well as non-verbal requesting behaviour of children with ASD seems to be impaired. Requesting is an important skill for the development of social-communicative behaviour.
The bubbles were shown to the child, while the therapist waited for a request. If the child did not respond, a probing question was intoned 'would you like to blow some bubbles?'
Bubbles.
To describe events and sequence actions.
Expressive language behaviour such as describing events in sequence is an important indicator for the development of pragmatic skills.
'(Name of child), we are going to read from this book now'. While the child paged through the book, the therapist modelled an appropriate sentence, using PVS (e.g. 'Suzy fell out of the tree'), after which the child had to imitate the therapist. After each page, the therapist asked a probequestion: e.g. 'what hap-pened to Suzy?'
A book containing large colourful pictures.
To facilitate role-play and to teach object function.
Theory of mind seems to be severely impaired in children with ASD (Prelock & Nelson 2012) . Role-play is an important tool for improving theory of mind in children with ASD. Knowing object functions is an important pragmatic skill (Shipley & McAfee 2009 ). Deficits in theory of mind and pragmatic skills complicate the ability of the child with ASD to fully engage in the give-and-take of conversational discourse expected during social exchanges (Prelock & Nelson 2012) .
'(Name of child), Nando is very sick today; we need to help him. You will be the doctor today -let us get everything you need to help Nando'. 'This is the stethoscope/bandage/ plaster'. 'Listen to the heart with the stethoscope; close the scratch with the plaster; put a bandage around Nando's paw. Probe-questions: 'How will we close the scratch? What will we use to listen to Nando's heart? Where must the bandage go'?
Toy medical kit.
To re-direct the child's attention to the current task by using songs.
It was noticed that the children sometimes lost motivation to participate, and that singing a song together re-focused their attention to the task at hand.
The therapist began the song, after which the child joined in. '(Name of child), we are going to sing some songs now. I will sing the song for you, and then we will sing the song together, and then you must sing the song alone'.
Familiar nursery songs.
Source: Kuschke, S., 2015, 'A prosodic and linguistic treatment approach for language-communication skills in children with autism spectrum disorders', Master of communication pathology thesis, University of Pretoria
Probe procedures
Each participant was assessed independently. Assessment took place in the same room where treatment was provided.
Only the participant and the researcher were present during interaction sessions. A number of activities were planned and appropriate materials were available to facilitate interaction (Table 2a and 2b) . The materials included a soft-toy dog, picture cards, empty coffee tins, building blocks, stencils, plastic fruit, picture books, bubbles and a toy medical kit. Behaviour and reactions of each participant were assessed by means of the three behavioural observation checklists. The researcher initiated all activities, and each assessment session lasted approximately 30 min. The video camera was set up in the corner of the room and switched on as each participant entered the room. All interaction sessions were videorecorded.
Treatment procedures
A large room was used, with minimal noise and distractions. Each participant was treated individually. Only the participant and the researcher were present during interaction sessions. A number of activities were planned and appropriate materials were available to facilitate interaction (Table 2a and 2b ). The researcher briefly explained each activity to the participant by means of a visual timeline (pictures in sequence of the activities which would be done during that session), so as to put the participant at ease and to let him know what to expect during the session. The video camera was set up in the corner of the room and switched on as each participant entered the room. Each treatment session lasted approximately 30 min. All interaction sessions were video-recorded.
Results
All raw scores were converted to percentages by dividing the raw score by the total number of items in the assessment scale and multiplying this score by 100. In the case of the Autism Index, the percentile score for each participant was calculated according to the conversion tables in the GARS-2. A correlation calculation between the scores of the researcher and external rater for each item on each of the three behavioural checklists was used to determine the inter-rater reliability of the three baseline probes, the two post-treatment probes and the maintenance probe (Schiavetti & Metz 2006) . There was a direct correlation in the researcher's and external rater's scoring in 98.3% of the cases, as obtained by the Kappa statistical method. This was significant on a 95% level. The conclusion can therefore be made that there was a significant correlation between the two different raters. Statistical significance was not calculated for each individual due to the limited data. It is clear from 'eyeball estimation' (inspecting data and quickly making an educated guess about the approximate magnitude of relevant statistics -Hurlburnt 2007), however, that all the participants showed a positive change in performance across all areas, regardless of their pre-treatment performance level. Table 3 presents the overall performance of each participant after 3 weeks of treatment.
Discussion
The main aim of this study was to evaluate whether the use of a combined prosodic and linguistic approach would have any effect on the listening skills, pragmatic skills and social interaction behaviour of three young children with ASD.
The results were indicative of positive behavioural change in all three communication-related areas (listening skills, pragmatic skills and social interaction behaviour) for all three participants. All of the participants showed a marked decline in performance after the withdrawal phase. This decline in performance may be attributed to the fact that the participants had a 2-week school holiday and were not in a structured classroom environment where they might have had the opportunity to maintain new skills learned during treatment. (Wan et al. 2011) . On the other hand, the average scores for all of the participants in all the communication areas after the withdrawal phase were higher than their pre-treatment probes, indicating that they retained some of the skills learned during treatment. This finding is in line with literature reports indicating that children with ASD display receptive prosodic preferences (Lamers & Hall 2003) can recall stressed words better than unstressed words after intervention (Smith & Robb 2005) , and are more inclined to respond to and retain melody-and rhythm-based information (Wan et al. 2011 ).
The positive change in behaviour of all three participants in the different communication-related areas is in line with recent findings of similar studies. Results from research on auditory factors in ASD indicate that many individuals have exceptional pitch-discrimination abilities (Heaton et al. 2008) and generally show limited processing of social and more complex sounds such as connected speech (Ouimet et al. 2012) . Findings from the current study demonstrated that the use of prosodically varied speech intervention within the framework of a traditional language treatment approach led not only to positive change directly after the treatment phase, but also to a degree of maintained behaviour after the 2-week withdrawal phase. A recent study investigating the The ability of children with ASD to generalise skills taught using melodic-based stimuli is further supported by other recent findings indicating that skills taught using intonation are generalised to the production of words not taught during therapy (Wan et al. 2011 ).
An important finding is that the behavioural change did not occur in a linear fashion but rather as a continuous process where the interdependency of the skills becomes clear. Because treatment occurred within a combined prosodic and linguistic framework, the areas that were targeted were expected to change in a positive way (Prelock & Nelson 2012) .
Limitations and future research
Due to the nature of the research design (pre-test, post-test), and the fact that a combined prosodic and linguistic approach was used, no final conclusions can be drawn in terms of the efficacy of using specifically prosodically varied speech for the treatment of communication-related skills in children with ASD. A number of problems were experienced with the selection of the participant sample. Although the sample was criterion-based, it was not possible to select a homogeneous group, as the ASD population is heterogeneous. A large sample could not be included, as each participant had to be treated during school hours in the treatment period. A control group was not included in this study. This would have strengthened the research, as the influence of maturation and other external variables could have been controlled.
For the purpose of this study, the listening and pragmatic behaviours were only scored once if they were observed during the probe sessions. The frequency of the behaviour elicited during the sessions was not measured. Therefore, a maximum score of 11 for listening skills and 15 for pragmatic skills could be obtained. This analysis procedure obscured subtle changes in behaviour. This research project was an exploratory proof-of-concept study and any positive changes in the behaviour of the participants cannot be ascribed unequivocally to the specific intervention but may only mean that the use of prosodically-varied speech within a traditional language treatment framework did not harm the participants or inhibit their performance.
The intervention addressed three communication-related skills, namely, listening, pragmatic and social-interaction skills. Other communication areas, such as receptive language and social emotional skills, were not addressed directly. A study focusing on facilitating receptive language skills and social emotional skills using prosodically varied speech would be valuable.
The methodology used in this research required individual participants, and therefore it is difficult to generalise the results to a larger population. Another project could investigate the use of a combined prosodic and linguistic approach within a group context. Due to the fact that only three children with ASD were included in the study, the findings lack external validity. Prosodically varied speech could be used in other cultural and social contexts to determine its external validity. Although many communication-related behaviours were elicited in this study, evaluation of daily interactions was limited. Future research could expand the evaluation protocol in order to include a greater variety of behaviours in each communicationrelated area.
